
Use of ICRU-37/NBS Radiative Stopping 
Powers in the EGS4 System. 

David W.O. Rogers, Simon Duane*, Alex F. Bielajew 
Ionizing Radiation Standards 

Division of Physics 
National Research Council of Canada 

Ottawa, Canada 
KIA OR6 

Tel: 613-993-2715 
Fax: 613-954-7708 

BITNET: IRS at NRCVMOl 
and 

W.R. Nelson 
Radiation Physics Group 

Stanford Linear Accelerator Center 
Stanford California 

*Visiting from National Physical Laboratory 
Teddington, U.K. 

March 1989 

1 

PIRS-0177 



Use of ICRU-37 Radiative Stopping Powers 

Abstract 

An option has been added to the PEGS4 code in the EGS4 System for the 
Monte Carlo simulation of radiation transport. This option allows the user to 
normalize the bremsstrahlung CrOSS sections used in the code so that PEGS4 
gives the same radiative stopping power for electrons as given in ICRU Report 
37. The bremsstrahlung cross sections for positrons are still treated as equal 
to those for electrons. The data required for the new option were obtained 
using Stephen Seltzer's code, ESPA, which generated the ICRU stopping 
powers. Explicit renormalization factors were calculated for 14 elements. 
Interpolation of these factors to all other elements was found to produce 
radiative stopping powers within 1% of the ESPA radiative stopping powers 
for all electron energies between 10 keY and 10 GeV. These improvements can 
lead to significant changes in the bremsstrahlung cross sections for particle 
energies below 50 Me V. 

1 Introduction 
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The EGS4 system of codes does Monte Carlo simulations of the radiation 
transport of electrons and photons in any material[I] . Part of the system is a 
stand alone code called PEGS4 which creates the necessary electron and photon 
data sets for use by EGS4 when doing the simulation. One important set of data 
is the radiative stopping power for electrons or positrons. This is calculated as 
the integral of the bremsstrahlung cross section differential in the emitted photon 
energy, for emitted photons below the production threshold, AP. For AP greater 
than the electron energy, this is just the unrestricted radiative stopping power for 
the electron. 

The bremsstrahlung cross section in PEGS4 is given by the standard Bethe
Heitler cross section. Above 50 MeV, a theoretical relativistic coulomb correction 
to the cross section is used. Below 50 MeV the coulomb correction is replaced by 
an empirical correction, based on very sketchy data in Koch and Motz [2] . Data 
for 5 values of Z at 13 energies are used to deduce the correction factor, referr ed 
to as APRIM, by using linear interpolation in the energy and Z values. These 
correction factors are very crude (see e.g. pages 30, 31 in the EGS4 documenta
tion [1]). The purpose of this report is to describe an upgrade to PEGS4 which 
replaces these old APRIM values by a much more extensive set that is based on 
the radiative stopping powers in the latest ICRU Report 37 [3] on electron stop
ping powers. These new APRIM values cause the radiative stopping powers to 
match those in ICRU Report 37. This means that the mean energy loss to pho
tons is equal to that in ICRU37, but it does not mean that the bremsstrahlung 
crosS sections are the same as those given by Seltzer and Berger [5,6] since they 
use different differential cross sections. That is, we normalize the integral of the 
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energy weighted differential cross sections, not the cross sections themselves. 

The work described here affects only the total bremsstrahlung cross section and 
has no effect on the relative bremsstrahlung cross section differential in photon 
energy for a fixed electron energy. This means that for thin targets, the new 
data set may produce a different number of photons, but the same photon energy 
spectrum will be produced. For a thick target, to the extent that the relative 
production at different energies may change, the spectrum may change as well. 

2 Changes to PEGS4 

All changes have been implemented so that a standard input file, as defined 
in the EGS4 documentation[l]' will produce the same results as in the original 
version of PEGS4. To invoke the new option, the following must be done: 

• In the input file, in the ELEM, MIXT or COMP options, set a new flag 
called lAP RIM to have a value of 1. This instructs PEGS4 to use the new 
values of APRIM. If unassigned, or assigned another value, the old version 
of PEGS4 is used. 

• Assign to FORTRAN unit 22, the input file with the new APRIM values. 
This is part of the upgrade package. For completeness, it is listed in Ap
pendix B. 

• Run PEGS4 

The output data file from PEGS4 will have the same format as in the original 
(with some minor additions on the second line which do not affect EGS4). The 
only real difference is that the unresticted radiative stopping powers for electrons 
(but not positrons) will be the same as those in ICRU Report 37. 

Appendix A presents a differences comparison showing all the changes made 
in PEGS4 to implement these changes. Most of the changes occur in routine 
APRIME. 

3 Data Sets from EPSTARjICRU 31 

What spurred this work was the availability of the PC-based EPSTAR/ESPA 
programs written by Steven Seltzer of NBS[4]. These programs can generate 
the entire data base available in ICRU Report 37 [3] or alternatively Berger and 
Seltzer (1983) [5] (they are the programs which generated the data base). We 
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have run these codes and obtained tables of the total radiative stopping powers 
as a function of energy for all elements. 

4 Determination of New APRIM Values. 

APRIM is a multiplicative factor which multiplies the bremsstrahlung cross 
section. It is a function of Z and electron energy, but not the emitted photon 
energy. Therefore, it is also a simple multiplicative factor for the unrestricted 
radiative stopping power. Using the IUNRST = 5 option in PEGS4, one gets the 
unrestricted radiative stopping power for electrons and positrons instead of the 
restricted stopping power (this option is an undocumented part of the original 
PEGS4 program). We first modified the FUNCTION APRIM routine in PEGS4 
to always return APRIM=l.OO instead of the Koch and Motz values. 

For any element for which we wanted new APRIM correction factors, we ran 
the modified PEGS4 code to produce a table of electron unrestricted radiative 
stopping powers at the same energy grid used by the ESPA code (spanning 1 keV 
to 10 GeV). At each energy we divided these into the radiative stopping power 
as given by the program ESPA (i.e. the ICRU Report 37 value) and then used 
the ratio as the new APRIM as a function of energy for this element. This 
guaranteed that for this Z, PEGS4 would reproduce the ICRU 37 values of the 
radiative stopping power. 

Two comments are in order. The first concerns the size of the changes. Figures 
1 and 2 show the old and new radiative stopping powers and their ratio, for 
carbon and uranium as a function of electron energy. The ratio is very small for 
low energies and approaches unity to within 1 or 2% for high energies when Z is 
greater than 10, although it can be as much as 5% for low-Z materials, even at 
high energies. For low-Z materials the old data are high by up to 40% near 1 MeV. 
In other words, the original cross sections in PEGS4 are very low at low energies, 
very nearly the same as those of the ICRU at higher energies, and somewhat 
high for low-Z materials near the 1 MeV region. This is shown more clearly by 
comparing Figure 5, which shows the old correction factors to Figures 3 and 4 
which show plots of the new correction factors as a function of Z for a variety of 
energies. 

The second comment concerns the discontinuity in APRIM at 50 MeV. This 
is required because PEGS4 turns on the relativistic coulomb correction factor at 
50 MeV. To keep the physical cross sections smoothly matching the ICRU values 
near 50 MeV, there is a corresponding discontinuity in the APRIM values. 

We created APRIM data sets for an ever expanding set of elements, spanning 
Z=l to 100, until we had a set of APRIM values which could be interpolated 
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Figure 1: Comparison for carbon of old and new radiative stopping powers and 
the ratio of old to new. 
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Figure 2: Comparison for uranium of old and new radiative stopping powers and 
the ratio of old to new. 
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APRIME values based on ESP A/ICRU37 
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Figure 3: Values of APRIM used to give ICRU37 radiative stopping powers in 
PEGS4. Other values are interpolated linearly in log Z which causes minor prob
lems at very low energies only. 
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APRIME values based on ESPA/ICRU37 
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Figure 4: As above on an expanded scale. Energies, in order at Z=l are 1, 10, 
49.488, 50, 100, 1000, 10,000 MeV and at Z=100 are 49.488, 10, 50, 100, 1000, 
10,000 MeV. Note the dramatic difference between 49.488 and 50 MeV for high-Z 
values, which is the result of PEGS4 turning on the relativistic coulomb correction 
at 50 MeV, which makes a marked improvement for high-Z. 
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linearly in log Z to produce APRIM(Z,E) values for all elements which reproduced 
the ICRU 37/NBS radiative stopping powers within 1% (and usually much less) 

,for all energies between 10 keY and 10 GeV. This 1 % figure is more accurate than 
the quoted uncertainties on the NBS radiative stopping powers. Between 1 keY 
and 10 keY, agreement was still within 1% except for the following elements, 
which produce slightly low results: B( -2%); F( -1.3%); Li( -4.5%); Ne( -2.0%); 
Na(-1.5%). 

Note that for several of the comparisons for elements with Z > 92, it was 
necessary to match explicitly the atomic weight, A, used by PEGS4 and ESPA 
since the default values differed. 

I ,'6 ,--.-----,---,------,--.---,-----,-_---, 

"N 
1,4 +' 

0 
::>! 

"'" ;J 
.0= 1,2 5 MeV C) 
0 
~ 
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'=< I.e 
:3 >50 MeV 
0 

e,8 '---L-_..L_-'-_-L_---'-_---l_---'_-.J 
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Z 
Figure 5: Values of APRIM used in the default PEGS4 system. These were 
taken from Koch and Motz (according to SLAC-265). Values below 2-MeV are 
extrapolated linearly in the energy. 

Figure 5 shows the Koch and Motz correction factors used in the default version 
of PEGS4. Several points are worth noting. Since the new values of APRIM are 
within 5% of unity for all Z above 50 MeV, the old and new values agree within 
5%, and usually within 2% for Z > 10. For other energies there are bigger changes. 
At 10 MeV, it is as much as a 10% decrease. At lower energies, the changes are 
much larger, as much as a factor of 50 at 1 keY. 

For energies above 10 GeV, the modified PEGS4 will use the APRIM at 10 
GeV. 
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5 Errors in the Bremsstrahlung Cross Section 
for Positrons 

In PEGS4 and the EGS4 system, the radiative stopping powers and corre
sponding bremsstrahlung from electrons and positron are calculated using the 
same cross sections. According to ICRU Report 37 [3J, there is actually con
siderable difference for low energies and high-Z values. The table gives some 
representative examples. 

Table 1: Ratio of radiative stopping powers for positrons to electrons 
as given in ICRU Report 37. 

Energy Water Lead 
MeV 
0.010 0.57 0.11 

0.100 0.87 0.24 

1.00 0.97 0.47 

5.00 0.997 0.70 

10. 1.000 0.79 

50. 1.000 1.00 

In certain situations, this could pose a problem. We have not implemented this 
generalization, but it could be added to EGS4/PEGS4 without major changes. 
Note that EGS4 is already one step ahead of ETRAN and the ITS systems where 
electrons and positrons are treated as identical except for the creation of annihila
tion photons at the end of a positron's history. EGS doe.! carry along the correct 
collision cross sections and stopping powers for positrons. However , one can run 
ETRAN with a complete positron data base for handling the case of a positron 
beam, a clear preference if, for example, one is calculating the bremsstrahlung 
from a positron beam. 
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6 Latest Cross Section Values 

Seltzer and Berger [6,7J have revised their best estimates of the total cross 
section since the release of ICRU37. For the total cross section these are mostly 
minor revisions. The programs ESPB (and EPSTAR) [4J produce radiative stop
ping powers based on these revised cross sections. We have also generated a 
data file of APRIM values which produce these cross sections. We compared the 
radiative stopping powers generated by PEGS4 with this data set to the values 
from ICRU37 for all elements. For almost all elements the agreement is within 
1 %, and it is within 2% for all elements except hydrogen. For the sake of a 
well defined, widely used data set, we therefore intend to use the APRIM val
ues based on ICRU37. However, the second set of APRIM values is available 
(APRIM-SB.DAT). 

7 Some Checks 

Aside from the checks for all elements discussed above, we have compared 
the new radiative stopping powers for water with those in ICRU37 and found 
agreement within a few parts in 10\ as expected since both hydrogen and oxygen 
are part of the APRIM basis set. Note that the comparisons reported here are 
based on outputs using the PLOT option in PEGS4. The actual data used in 
EGS may differ slightly because they represent an optimized piece-wise linear fit . 

We have also done a check by varying the value of AP and determining the 
average energy of primary electrons, initially at 10 MeV, after passing through a 
1 mm plate of W. We turned off multiple scattering and all secondary electron 
production. As the value of AP changed from 10 keV, in which case an average of 
2 photons were given off while passing through the plate, to 10 MeV, in which case 
there were no secondary photons given off, the mean energy of the primaries leav
ing the plate remained constant. This demonstrates that the proper relationship 
between the differential and integrated cross sections has been maintained. 

8 The Distribution Files. 

The following files are available from NRC on a PC floppy, and are being 
included (after March 1989) as part of the EGS4 distribution tape from SLAC. 

PEGS4.MOR (PEGS4N.MOR on the SLAC tape) 
This is the NRC current version. It therefore includes the upgrade described 
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patch to subroutine PLOT which we used to create the APRIM files. Finally, it 
also inc! udes two patches: one to correct an error in calculating the density effect 
for gases not at NTP (i.e. for GASP non-zero: see SPINIT, error was pointed 
out by Prof. Kamae in Tokyo, via Hideo Hirayama); the second to correct some 
errors in SPTOTE(P) when IUNRST=2, 3 or 4 were used in the PLOT or CALL 
option. 

APRIM_37.DAT 
This should be assigned to unit 22 when running PEGS for IAPRIM=L 

APRIM-SB.DAT 
This uses APRIM values based on the latest Seltzer and Berger evaluations, but 
is substantially the same (for integral cross sections) as in ESPA. 
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Appendix A 

Changes Introduced into 
PEGS4.MOR 

Differences as of Jan 9.1989, re1ated to nev brem cross sections in PEGS 

File SYS$SYSDEVICE: .EV_PEGS4.~OR;32 

257 " ••• EPST1R IRCe ADOITIOI, 10V 1968 

258 .,------------------------------------------------------------------•• 
259 REPLieE {;COKII/EPSTiR/;} VITH 
260 {jI.TEGER EPSTFL:CBARACTER*l £PSTTL(BO) ;nTEGER ZEPST; 
261 COKKOI/EPSTAR/EPSTEI(150),EPSTD(150),EPSTFL,EPSTTL.IEPSI,IEPST, 
262 IELEPS,ZEPST(20) ,VEPST(20) ,IAPRIK,I!PRFLj} 
260 " ••• FUICS 

•••••• 
File SYS$SrSDEVICE: OLD_PEGS4.KORj8 

247 ..... FUICS 

•••••••••••• 
•••••••••••• 
File SYS$SYSDEVICE: IEV_PEGS4.KOR;32 

542 PBPJ.IR,PKCOIS ,PlILFII,R.lYLEI,RSLTS. TBRESB,EPST1R/; "1I0010Y 23 ,1988" 
543 RE~ XP(4),VASAV(20); 

•••••• 
File SYS$SYSDEVICE: OLD_PEGS4.KOR;8 

610 PBP1IR,PKCOIS,PWLFII,R£YLEI,RSLTS,THRESH/; 
511 RELL XP(4),VASAV(20); 

•••••••••••• 
•••••••••••• 
File SYS$SYSDEVICE: IEV_PEGS4.KOR;32 

571 EI,ISUB.GASP,IUIRST,IRAYL,AFACT,SX,XO,X1,IEV,CBAR,ISSB.EPSTFL, 
572 I1PRIM; 
573 MOD 10V 23,1988 ====" 
574 IlKELIST/PVLFIK/EPE,ZTBRE.ZEPE,IIPE,IALE,EPG,ZTHRG,ZEPG,IIPG,1ALG • 

•••••• 
File SYS$SYSDEVICE: OLD_PEGS4.KOR;8 

S39 EI,ISUB,G1SP.IUlRST,IRlYL,lF1CT,SX,XO,X1,IEV,CB1R,ISSB; 
540 IlKELIST/PWLFIK/EPE,ZTHRE,ZEPE,IIPE,ILLE.EPG,ZTBRG,ZEPG.IIPG,ILLG, 

•••••••••••• 
•••••••••••• 
File SYS$SYSDEVICE: IEV_PEGS4.KOR;32 

942 PBP1IR,PKCOIS,PWLFII,R!DLEI,RAYLEI.SPCOKK,RSLTS,THRESH,EPSTAR/; 
943 KOD 10V 22 1988 =====" 
944 

•••••• 
File SYS$SYSDEVICE: OLD_PEGS4.KOR,8 

908 PHP1IR,PKCOIS,PVLFII.R1DLEI,RAYLEI,SPCOKK,RSLTS,TBRESB/; 
909 

•••••••••••• 
•••••••••••• 
File SYS$SYSDEVICE: IEV_PEGS4.KOR;32 

1187 
1188 "DAT1 FOR EPSTJ.R" 
1189 DATA EPSTFL/O/,IEPST/l/.IJ.PRIK/O/,IAPRfL/O/; 
1190 
1191 EID; "EID OF BLOC( DATA" 

•••••• 
File SYS$SYSDEVICE: OLD_PEGS4.KOR;8 

1152 EID; "EID OF BLOCK. DiTt" 
•••••••••••• 
•••••••••••• 
File SYS$SYSDEVICE: IEV_PEGS4.KOR;32 

1537 COMI'/BREftPR,KIXDAT,RAYLEI.RSLTS,TBRESB.KOLV1R,EPST1R/; 

11 
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1538 IRe MOD DEC 2,1988 
1539 : IIT : FORft~T(lI . 1415); 

•••••• 
File SYS$SYSDEVICE : OLD_PEGS4 .KOR;8 

======" 

1498 COKII/BREKPR.KIIDAT,RAYLEI,RSLTS,THRESH.KOLVAR/; 
1499 :IIT :FORKAT(lI,1415); 

•••••••••••• 
•••••••••••• 
File SYS$SYSDEVICE: IEV_PEGS4 . KOR;32 

1545 IF(GlSP . IE .O. O) [SECHDVRITE(IP,:FKT2 : )KTYP.RBO,IE , G1SP, 
1546 IUIRST ,EPSTFL,IAPRIM ; " IRC PIons DEC 2 1988" 
1541 :F1IT2: FOIUUT(l:I, 4.11. J • RHO= J ,1PE11 .4, J , IE=' .12. ' ,GASP= ' • 
1548 IPEl1 . 4,' . IUIRS!=',!1,', EPSTFL=',Il,'. IAPRIII=' .I1) ; ] "GASES" 
1549 IRC KOD ====================================" 
1550 ELSE [$ECBOVRITE(IP, :FJlIT3 : ) KTYP . RHO , IE,IUIRST , EPSTFL,UPRII{; 
155 1 IRC 1I0DS =====--=--===========" 
1552 : FKT3 : FOR!AT(lI,411,',RHO=' , lPE11.4, ', IE=',I2 , ',IUIRST=',Il, 
1553 EPSTFL=' .11, " UPRI!!='. It) ;] "IRC )lODS DEC 1988" 
1554 DO 1E=l , IE [ 

•••••• 
File SYS$SYSDEV1CE : OLD_PEGS4 . MOR jS 

1505 1F(GASP.IE .O. O) [$ECHOVRITE(lP,:FKT2: ) "TYP,RHO,IE,GASP; 
1506 :FKT2: FORXAT(lI,411,',RBO=',lPEll.4,' , IE=',I2 ,',G1SP=', 
1507 lPEll. 4);] "GASES" 
150S ELSE ($ECBOVRITE(IP , :FKT3:) KTYP,RHO,IE; 
1509 :FKT3: FORKAT(lI,4Al,' , RBO=',lPEll .4,' , IE=',I2) ; ] 
1510 DO 1£=1,1£ ( 

•••••••••••• 
•••••••••••• 
•••••••••••• 
•••••••••••• 

The FOLLOVIIG IS THE lEW FUICTIOI APRI!! 

File SYS$SYSDEVICE : IEW_PEGS4.!!OR;32 
2816 
2817 EMPIRICAL CORRECTIOI FACTOR TO BREMS caoss SECTIOI 
2S18 
2819 This version can be svitched to use different values : 
2820 IAPaI!! = 0 equivalent to old PEGS4 (default) 
2821 1 reads in values fro= unit 22 
2822 2 sets APRI!! to 1.0 
2823 Future changes can be accoZllDlodated by reading in 
2824 "different data on uuit 22 and if necessary changing the array s izes : .. 
2825 
2826 REPLACE {$IAPRE} VITH {1l5} .. Jlaxl.mwa number of energies ( > 18 ) 
2827 REPLACE {$IAPRZ} VITH {14} "Maximum. number of elem.ents ( > 5 ) 
2828 
2829 REPLACE {S.APR1} VITH {{COftPUTE $IAPRE - lS}} 
2830 REPLACE {SIAPR2} WITH {{COKPUTE $IAPRZ - 5}} 
2831 REPLACE {$IiPR3} WITH HCOKPUTE $IiPRE • $JAPR2}} 
2832 ;COJrI I /DERCOI,EPSTAR/; "IRC CHAIGE IOV 86" 
2833 REAL APRIKD($IAPRE,$IAPRZ) ,EPRIft($IAPRE) ,ZPRIl!($IAPRZ) ,lPRI"Z (SIAPRE); 
2834 DATA lPRl!!DI 
2835 1.32,1.26,1 .18 , 1 . 13 , 1 . 09,1.07,1 .05 , 1 .04,1 . 03,1 .02,6. 1 .O,SBAPR1*0 .O, 
2836 1.34,1.27,1.19,1 . 13,1 . 09,1.07,1 .05,1 .04,1 .03,1 . 02, 8*1 .O,SIAPR1*0 .O, 
2837 1 . 39,1 .30 , 1 . 21,1 . 14 ,1 .10,1.07 . 1 .05 . 1 .04 . 1 .03 . 1.02 ,0. 994, 
2838 2*0 . 991,O .990,2*0.989,2.0 .988 , $IAPR1*0 .O, 
2839 1.46,1 .34,1 . 23,1.15,1 . 11 , 1.08,1 .06.1 .05 .1.03,1 . 02, 0. 969, 
2840 0.973 , O.971,O . 969,O.967.0.965,2.0.963 ,$IAPR1*0 .O, 
2841 1 . 55,1 .40,1.26 . 1.17,1.12.1 . 09.1.07,1 .05.1.03.1.02,0 . 955,0.935 , 
2842 0.930,O .925,O . 920,O . 915.2.0.911,SIAPR1*0 .O, 
2843 SIAPR3*O. O/, 
2844 EPRIK I 
2845 2 . ,3 . • 4 . • 5 . ,6 . • 7 . • 8. ,9 . ,10 . ,11. ,21. ,31. ,41. , 51 . • 61 . • 71. ,81 . ,91. . 
2846 SIAPR1.0. 0/ , 
2847 ZPRIPl 16 . ,13 . ,29. ,50 . ,79 . ,$IAPR2*0 .0/, 
2848 IAPRFL 10/; 
2849 IF (UPRIK . EQ .0) [ " PEGS4 default APRI"" 

12 
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2850 IF(I!PRFL 0:: 0) [I1PRFL=t ; OUTPUT; ( 'OI1PRIM=O, i. e. uses lOCH AID "OIZ' • 
2851 1 empirical corrections to brem cross section' /);] 
2852 IF (E . GE.50) [ APRIM=l. ; ] 
2853 ELSE [ " I1TERPOLlTE APRIl{ OVER Z .. 

2854 EK=E/U; 
2855 DO IE=l ,18 [ 
2856 APRIKZ(IE)= 
2857 AIITPCZ,ZPRIM,S,APRIMDCIE , l),$BAPRE, .FALSE.,.FALSE.); 
2858 ] " Z IITERPOL1TIOI IS lOll COMPLETE. lOW DO EHERGY 
2859 !PRI"=iIITP(~,EPRI".18,APRIKZ.1 • . FALSE_ • . FALSE_); 
2860 ] 

2861 ] 

2862 ELSEIF (IAPRIK.EQ.l) [ 
2863 IF (IAPRFL.EQ.O) [ " read in data from lPRIKE.DATA" 
2864 OUTPUT; ('OIA.PRIJI=l. i. e. uses I RC(based on IIST/teRU) J. 

2865 ' corrections to brelll cross section'/); 
2866 &EID(22,*) IAPRZ. IAPRE; 
2867 IF (IAPRZ.GT.$IAPRZ) [ 
2868 OUTPUT; (II.) TOO MAIY ELEPlEITS FOR APRIl'lE I1TERPOLATIOI;', 
2869 / , ' CHAIGE $IAPRZ .liD RECOPlPILE PEGS'); STOP;) 
2870 IF (IAPRE.GT.$IAPRE) [ 
2871 OUTPUT; (f / " TOO MAIY EfERGIES FOR APRIl'lE I1TERPOLATIOI: ' , 
2872 /,' CHAIGE $IAPRE AID RECOMPILE PEGS'); STOP;) 
2873 RE1D(22 , .) (EPRIM(IE),IE=1.IAPRE); 
2874 DO IE=1,IAPRE [ EPRIJI(IE)=1.+EPRIM(IE)/PJI;] 
2875 DO IZ=1,IAPRZ (RE1D(22,.)ZPRIM(IZ).(iPRIMD(IE,IZ),IE=1,IAPRE);] 
2876 IAPRFL=1 ; 
2877 ] 
2878 E1!=E/R1I; 
2879 DO IE=l,IAPRE [ " I1TERPOLATE APRIII OVER LOG(Z) 
2880 APRIJlZ(IE)= 
2881 lIITP(Z,ZPRIII,IAPRZ,APRIJlD(IE,1),$llPRE,.TRUE., . FALSE.); 
2882 ] .. 10V DO EIERGY IITERPOLATIOI 
2883 APRIM=AIITP(EK,EPRIJI, I APRE,APRIJlZ,1,.FALSE.,.FALSE.); 
2884 ] 
2885 ELSEIF (IAPRIJI.EQ.2) [ 
2886 IF(IAPRf1. = 0) [IAPRFL=1; 
2887 OUTPUT; ('OIAPRIJI = 2, i.e . uses 1 0 corrections to brem'. 
2888 ' cross section'/);) 
2889 APRIJI=1 .0] 
2890 ELSE [ OUTPUT IAPRIlI; (II . ' IllEGAL VALUE FOR HPRIJI : ' ,14); STOP; ] 
2891 RETURI; 

•••••• 
File SYS$SYSDEVICE: OLD_PEGS4.JlOR;8 

2591 
2592 COIIII /DERCOI/; 
2593 EJlPIRICAL CORRECTIOJ FACTOR TO BREPlS CROSS SECTIDI 
2594 REAL APRIJlD(18,5),EPRIJI(18),ZPRIJI(S).APRIKZ(18); 
2S95 DATA APRIJID/1.32,1.26,l.18,l.13,1.09,l.07,1.0S,l.04,1 . 03, 
2596 1.02,8.1.0,1.34,1.27,1 . 19,1.13,1.09,1.07,1.05 , 1.04,1.03 , 1.02, 
2597 8.1 .0,1.39,1.30 , 1.21,1.14,1.10,1.07,1.05,1.04,1.03,1 . 02,0.994, 
2598 2.0.991,0 .990,2.0.989,2.0 . 988,1 . 46.1 .34,1.23,1.15 , 1 . 11,1 . 08, 
2599 1.06,1.05,1.03 , 1.02,0.989,0.973,0 . 971 , 0.969,0.967,0.965,2.0.963, 
2600 1.55 , 1 . 40,1.26,1.17,1.12,1.09,1.07,1.05,1.03,1.02,0.955,0.935, 
2601 0 .930,0.925,0.920,0.915,2.0.911/ ,EPRIK/2 . ,3. ,4. , 5. ,6. , 7 . ,8., 
2602 9. ,10. ,11 .• 21. ,31 . ,41 . , 61 . ,61. ,71. ,81. ,91 ./ ,ZPRIM/6. , 13. , 
2603 29. ,50. ,79./; 
2604 IF (E . GE . 50) [APRIM=1.; ] 
2605 ELSE [EK=E/RJI; 
2606 IITERPOLATE APRIX OVER Z . 
2607 DO IE=l,18[ 
2608 APRIXZ(IE)=AIITP(Z,ZPRIK,5.1PRIJlO(IE , l),18 , . FALSE . , . FALSE ) ; ] 
2609 Z IITERPOL1TIOJ IS IOV COMPLEtE. lOW DO EIERGY IITERPOLATIOI 
2610 APRIM=AII TP(EK,EPRIM,18,APRIMZ,1 •. FALSE .•. FALSE.);] 
2611 RETURI; 

•••••••••••• 
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Appendix B 

Listing of APRIM Data File 

The following file is read as unit 22 when IAPRIM=l is defined. The format 
IS: 

NAPRZ, NAPRE 
EPRIM(IE) , IE=l ,NAPRE 
For each element: 

The number of elements and energies to be read in. 
The energy grid for all elements. 

Z (real) the Z value for this element: 
APRIMD(IE,IZ) , IE=l,NAPRE: The values of APRIM for this element 

as a function of energy. 

Note that the highest energy has been added by hand and APRIM for the 
extra energy has been set equal to the next highest so that the extrapolation is 
constant at the highest value. 

14 115 
1 . 0000E-03,1.2500£- 03,1.5000E- 03,1 . 7500E- 03,2 . 0000£-03,2.5000£-03,3.0000£-03, 
3.5000E-03,4 . 0000£-03,4.5000£-03,5.oo00£-03,5 . 5000£-03,6 . 0000£-03 , 7.0000£-03, 
8 . 0000£-03,9 . 0000£-03.1.0000£-02,1.2500£-02,1 . 5000£-02,1.7500£-02 , 2 . 0000£-02, 
2 . 5000£-02,3 . 0000£-02,3.5000£-02 , 4 .0000£-02,4.5000£-02,5 . 0000£-02,5 . 5000£-02, 
6.0000£-02,7.0000£-02,6 . 0000£-02,9 . 0000£-02.1 . 0000£-01,1.2500£-01,1 . 5000£-01, 
1 . 7500£-01,2 . 0000E-01,2.5000£-01 ,3.0000£-01,3. 6000£-01 , 4.0000£-01 , 4.5000£-01, 
5.0000£-01,5.5000£-01,6.0000£-01,7 . 0000£-01,8.0000£-01,9.0000£-01,1 . 0000£+00 , 
1.2500£+00,1 . 5000£+00,1.7500£+00,2 . 0000£+00,2.5000£+00 , 3.0000£+00,3 . 50OO£+OO , 
4 . ooo0£+OO,4.50oo£+OO,5 . ooo0E+00,5.50ooE+00 , 6.0000E+OO,7 . oo00E+00,8 . ooo0E+00 , 
9.ooo0£+00,1 . 0000£+0I,1.2500E+Ol,I.5000E+Ol,1.7500E+Ol,2.0000£+01,2.6000£+01 , 
3.0000£+01,3.6000E+01,4 . 0000E+Ol,4 .5000£+0I,4 . 9488£+01,5 . 0000£+01,5.5000£+01, 
6.oooo£+01,7 . 0000£+OI,8 . 0000E+Ol,9 . 0000£+01 , 1 . 0ooo£+02,1 . 2500£+02 , 1.5000£+02, 
1 . 7500£+02,2.0000£+02,2.5000£+02,3 . 0000£+02,3.5000£+02,4.0000£+02,4.5000£+02, 
6 .0000£+02,5 . 5000£+02,6 .0000£+02,7 . 0000£+02,8 . 0000£+02,9.0000£+02,1 . 0000E+03, 
1.2500£+03,1.5000E+03,1 . 7500£+03,2 . 0000£+03 , 2 . 5000£+03,3.0000£+03,3.5000£+03, 
4.0000£+03,4.5000£+03,5.0000£+03,5 . 5000£+03,6 . 0000£+03,7.0000£+03,8.0000£+03, 
9.0000£+03,1 . 00OO£+04,1.25e+4 

1. 
4. 5687£+01,3.6763E+Ol,3 . 0817£+01,2 . 6574E+Ol,2 . 3388£+01 , 1.8935£+01,1.5963£+01, 
1 . 3837£+01,1.2241£+0I,I . 0995£+01,9.9973E+00,9.1803£+00,8 . 4983E+00,7.4237£+00, 
6.6134£+00,5 . 9821£+00,5.4741£+00,4.5521£+00,3 . 9306£+00 ,3 .4809£+00,3.1397£+00, 
2 . 6547£+oo,2 . 3250£+00,2 . 0856£+00,1 .9033£+00 . 1 . 7594E+00,1 . 6431£+00,1 . 5467£+00, 
1.4653£+00,1 . 3360£+00,1 . 2379£+00,1 . 1610£+00 , 1 . 0993£+00,9 . 8851£-01,9 .1542£-01 . 
8.6440£-01,8 . 2723£-01,7 . 7802£-01,7 . 4834£-01 , 7 . 2977£-01,7 . 1816E-01,7 . 1127£-0I, 
7.0735£-01,7.0549£-01,7 . 0516E- Ol,7.0732E-01,7 . 1153£-01,7 . 1701E-Ol,7.2304£-01 , 
7.3867£-0I,7.5370E-Ol,7.6734E-Ol , 7.7942E-Ol , 7 .9968£-01 , 8 . 1585£-01,8 . 2890E-01 , 
8 .3972E-01,8 . 4885£-0I,8 .5672E-Ol,8.6346£-0I,8 .6941£-01 , 8 . 7940E-01,8 . 8731E-01 , 
8 . 9393E-Ol,8 . 9935E-01 ,9 . 0994E-Ol ,9 . 1757£-01 , 9 .2344E-01 ,9 . 2809£-01 , 9 .3515£-01, 
9.4020E-01,9 . 4407£-01 ,9 . 4712E-Ol ,9.4964£-01 ,9. 5156£-01 ,9 .5173£-01,9 . 5347£-01, 
9.5491E-Ol,9.5731£-01 ,9 . 5918E-Ol ,9.6064£-01,9 .6188£-01 , 9 . 6434£-01 , 9 . 6626£-01, 
9.6780E-01,9 . 6924£-01 .9 .7159£-01,9.7363£-01,9 . 7532E-01 ,9.7688£- 01 ,9.7823E-01 , 
9.7945£-01,9 .8056£-01 ,9. 8158E-01 , 9 .8340£-01 ,9.8492E-01 ,9 .8633£-01,9 .8756£-01 , 
9.9015£-01,9 . 9221£-01,9 .9393£-01 ,9.9539£-01,9 .9781£-01 ,9 .9967E-Ol , 1 .0012E+00, 
1 . 0025£+00,1 . 0037£+00,1 .0046£+00,1 . 0054£+00,1.0061£+00,1 . 0073£+00,1 .0082£+00, 
1.0089£+00,1.0094£+00,1.0094£+00, 
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2. 
6 .3993£+01,5 . 1916£+01,4.3741£+01,3.7843£+01,3 . 3387£+01,2.7089£+01,2.2853£+01, 
1 . 9813£+01,1.7519£+01,1.5726£+01,1.4284£+01 , 1 .3102E+01,1.2110£+01,1.0551£+01, 
9 .3763E+00,8.4598£+00 , 7.7228£+00,6.3860£+00, 5. 4861£+00,4.8371£+00,4.3460E+00, 
3 . 6489E+00,3.1769£+00,2.8340E+00,2.5740E+00,2.3688£+00,2.2023E+00, 2. 0648£+00 , 
1 . 9490E+00,1.7647E+00,1.6244£+00,1.5143£+00,1.4256£+00,1 . 2647E+00,1.1571£+00, 
1 . 0803£+00,1 . 0235£+00,9.4564£-01,8.9633£- 01 ,8.6349E-01,8 . 4111£-01,8.2553£-01, 
8 . 1482E-01,8 . 0732£-01,8 . 0221£-01,7.9656£-01,7 . 9497£-01,7 .9571E-01,7 . 9807£-01, 
8 . 0618£-01 , 8 .1601£-01,8.2562£-01,8.3460£-01 ,8. 4968£-01,8 .6183£-01,8.7163£-01 . 
8.7979£-01,8.8651£-01,8.9223£-01,8.9718£-01,9.0147£-01,9 .0864£-01,9.1423£-01, 
9 . 1871£-01,9 . 2241£-01,9.2931£-01,9.3414£-01,9.3771£-01 , 9 . 4050£-01,9.4445E-01, 
9 . 4715£-01,9 . 4906£-01,9.5050£-01,9.5153£-01,9 . 5231£-01 ,9 . 5241£-01,9.5296£-01, 
9. 5344E-01 ,9.5394£-01,9.5419£-01,9.5424£-01 ,9.5416£-01 , 9 . 5389£-01,9.5351£-01 , 
9 . 6317£-01,9 . 5289£-01,9.5251£-01 ,9 .5223£-01 ,9 . 6212£-01,9 .6199£-01,9 . 6197£-01, 
9 .6201£-01,9.5204£-01,9.5208£-01,9.5224£-01 . 9 . 5241£-01,9 .5256£-01,9.5269£-01. 
9 . 5301£-01,9.5323£-01,9.5341£-01,9.5353£-01 ,9. 5380£-01,9 .5395£-01,9.5415£-01, 
9.5431£-01,9.5445£-01,9.5462£-01,9.5471£-01,9 . 5485£-01,9.5501£-01,9.5507£-01, 
9.5516£-01,9.5516£-01,9.5516£-01, 
6. 
8.0280£+01,6.7700£+01,5.8565£+01,5.1636£+01 . 4.6203£+01,3.8230£+01,3.2660£+01, 
2 . 8548£+01,2.6390£+01,2.2882£+01,2.0846£+01,1.9155£+01,1.7733£+01,1.5462£+01, 
1 .3732£+01,1.2369£+01,1 . 1270£+01,9.2669£+oo ,7.9143E+OO,6.9365£+00,6 . 1965£+00, 
5.1502E+oo,4 . 4445E+oo,3.9348£+OO,3.5481£+00,3 . 2457£+OO,3 .0013£+00,2.8003£+00, 
2.6317£+00,2.3640£+00,2.1611£+00,2.0022£+00,1.8739£+00,1.6416£+00,1.4847£+00, 
1 .3718£+00,1.2870£+00,1.1689£+00,1.0923£+00,1.0394£+00,1.0018£+00,9.7442£-01, 
9.5403£-01,9.3856£-01,9.2665£-01,9.1034£-01,9 . 0027£-01,8 .9424£-01,8.9089£-01, 
8 .8889£-01,8.9144£-01,8.9553£-01,9 .0001£-01,9.0842£-01,9 . 1556£-01,9.2145£-01, 
9.2635£-01,9 . 3054£-01,9.3416£-01,9 .3736£-01,9.4013£-01,9 . 4490£-01,9.4875£-01, 
9.5203£-01,9 . 5478£-01,9.6007£-01,9 . 6393£-01,9 .6673£-01,9.6879£-01,9 .7152£-01, 
9.7305£-01,9.7379£-01,9.7424£-01,9.7459£-01,9 .7475£-01,9.7530£-01,9.7542£-01, 
9.7548£-01,9 . 7553£-01,9.7554£-01,9.7554£-01,9.7553£-01,9.7555£-01.9.7561£-01, 
9.7566£-01,9.7577£-01,9.7603£-01,9.7630£-01,9.7655£-01 , 9 .7680£-01,9.7704£-01, 
9 . 7720£-01,9.7745£-01,9.7758£-01,9.7788£-01,9.7817£-01,9.7840£-01,9 . 7859£-01 , 
9.7903£-01,9.7933£-01,9 .7964£-01,9.7984£-01.9 . 80 25£-01,9 .8050£-01,9.8069£-01, 
9.8084£-01,9.8098£-01,9.8114£-01,9.8121£-01,9.8129£- 01,9.8142£-01,9.8156E-01, 
9 . 8171£-01,9.8180£-01,9.8180£-01, 
8 . 
7.8661£+01,6.7170£+01,5.8690£+01,5.2182£+01 , 4 .7016£+01,3.9336£+01,3 . 3899£+01 , 
2.9830£+01,2.6672£+01,2.4147£+01,2.2081£+01,2.0356£+01,1 .8895£+01,1.6550£+01, 
1.4747£+01,1.3317£+01,1.2154£+01,1.0025£+01,8 . 5720£+00,7.5181£+00,6 . 7168£+00 , 
5.5772E+OO,4 .8060£+00,4.2480£+00,3.8260£+OO,3 . 4941E+OO,3 . 2270£+00,3.0068£+00, 
2.8226£+00,2.5307£+00,2.3097£+00,2.1369£+00 . 1.9977£+00,1 .7449£+00,1.5745£+00, 
1 . 4520£+00,1.3596£+00,1.2309£+00,1.1471£+00 , 1.0890£+00,1.0474£+00,1.0168£+00, 
9.9392£-01,9.7650£-01,9.6293£-01,9 . 4374£-01,9.3148£-01,9 . 2385£-0I,9.1908E-01, 
9 . 1450£-01,9.1533£-01,9.1806£-01,9.2141£-01 ,9.2821£-01,9.3415£-01,9.3907£-01, 
9 . 4320£-01,9.4662£-01,9.4955£-01,9.5219£-01 , 9.6451£-01,9.5844£-01,9.6157£-01, 
9 . 6426E-01 , 9 . 6650£-01,9.7085£-01,9.7391£-01,9.7610£-01,9.7770£-01,9.7961£-01, 
9 .8051£-01,9 . 8084£-01,9 .8095E-01 ,9.8093£-01,9.8084£-01,9.8184£-01,9.8171£-01, 
9 .8151£-01,9.8116£-0I,9.8084E-01 ,9.8060£-01 , 9.8030£-01 ,9.7983£-01,9 .7947£-01, 
9.7926£-01,9.7911£-01,9.7892£-01 , 9 .7887£-01,9.7883£-01,9.7888£-01,9.7889£-01, 
9.7893£-01 ,9.7897£-01 ,9.7897E-01 , 9.7903£-01 , 9.7911£-01 ,9.7916E-01 ,9 .7920£-01 , 
9.7934£-01,9 .7948£-01 ,9.7962£-01 ,9.7970E-01 , 9.7986£-01 ,9.8001£-01,9 .8009£-01 , 
9.8018£-01,9.8023£-01,9 .8029£-01 ,9.8031£-01,9 .8040£-01,9 .8043£-01,9 .8051£-01, 
9 .8060£-01,9.8064£-01,9.8064£-01, 
13. 
6 . 9212£+01,6.0409£+01,5.3726£+01,4.8452£+01 , 4 . 4205£+01 , 3 . 7731£+01,3 .3026£+01 , 
2.9438£+01,2.6611£+01,2.4316£+01 , 2.2413£+01 ,2. 0809£+01,1.9438£+01,1 . 7212E+01, 
1 .5480£+01,1.4088£+01,1.2943£+01 . 1.0810£+01 ,9.3282£+00,8.2381£+00,7 . 3986£+00, 
6 . 1881£+00,5.3563£+00,4.7473£+00 , 4 . 2812£+00 , 3.9127£+00,3 .6146£+00,3.3672£+00 , 
3.1587£+00,2 . 8266£+00,2.5741£+00,2.3760£+00,2 . 2160£+00 ,1 . 9251£+00 ,1 . 7292£+00, 
1 . 5891£+00,1 . 4839£+00,1.3374£+00,1.2415£+00 ,1 . 1749£+00 , 1.1267£+00,1.0906£+00, 
1.0631£+00,1.0418£+00 ,1.0248£+00 ,1.0001£+00,9.8375£-01,9.7249£-01,9.6499£-01, 
9.5527£-01,9 . 5249£-01,9.5280£-01,9 . 5421£-01,9.5818£-01,9 .6213£-01,9.6542£-01, 
9 . 6819£-01,9.7057£-01,9 .7252£-01,9.7424£-01,9.7579£-01,9.7820£-01,9.8001£-01, 
9 .8148£-01,9 . 8254£-01,9.8447£-01,9 . 8559£-01,9.8621£-01,9 .8654£-01,9.8647£-01, 
9 .8601£-01,9 .8540£-01,9.8473£-01,9.8409£-01 , 9 . 8357£-01 ,9.8631£-01,9 . 6576£-01, 

15 
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9.8522E-01,9.8439£-01,9 . 8366E-01 ,9.8304E-01 ,9.8254£-01 ,9.8163£-01,9.8095£-01, 
9.8056E-01,9.8024£- 0I , 9 .7988£-01,9 . 7963E-01,9.7951£- 01,9.7937E-01,9 . 7939E-01, 
9.7936£-01,9.7932£-01 ,9.7931£-01,9 . 7930£-01,9.7928£-01,9 . 7933E-01 ,9 . 7932£-01 , 
9.7932E-01,9 .7941£-01 , 9 . 7950E-01 , 9 . 7955E-01,9.7966£-01,9 . 7968E-01 , 9 . 7980E-01, 
9.7982£-01,9 . 7988£-01,9 . 7992£-01 , 9 . 7999E-01,9.7999£-01,9 . 8005£-01,9 . 8010 £-01, 
9.8011£-01,9.8018£-01,9.8018£-01, 
20. 
5 . 7876E+01 ,5. 1025E+01 ,4.5913£+01 ,4.1899£+01 ,3.8643£+01 ,3.3626£+01,2.9914E+01, 
2.7036£+01 ,2.4729£+01 ,2. 2830£+01 . 2. 1233£+01 ,1.9874E+01 ,1.8697E+01 ,1.6761£+01 , 
1.5229E+01,1.3983E+01,1.2947E+01,1.0976E+01,9.5794E+00,8.5346E+00,7.7198E+00, 
6.5268E+00,5.6925E+00,5.0746E+00,4.5977E+00,4.2173E+00,3.9066E+00,3 . 6473E+00, 
3.4276E+00,3.0756E+00,2.8057E+00,2 . 5922E+00,2.4190E+00,2.1018E+00,1.8864£+00, 
1 . 7306£+00,1.6130E+OO,1.4480£+00,1.3391E+00,1.2626E+00,1.2067E+00,1.1648£+00, 
1.1324E+00,1.1070£+oo,1.0868E+00,1 . 0566E+00,1.0359E+00,1.0214E+00,1.0110£+00, 
9.9598E-01.9.8961E-01,9.8696E-01,9.8610E-01,9.8647E-01,9.8775E-01,9 . 8879E-01, 
9.8989£-01.9.9069E-01,9 . 9145£-01,9.9205£-01.9.9250E-01,9.9333E-01 ,9. 9386E- 01, 
9.9418£-01,9.9444E-01,9 . 9458£-01,9.9451£-01,9 . 9418£-01,9.9382E-01,9 . 9288E-01, 
9.9193[-01,9 . 9095£-01,9.9008£-01,9.8930£-01,9.8877£-01,9.9553£-01,9.9493E-01. 
9.9439E-01,9.9357E-01,9.9294E-01,9 . 9247E-01,9.9212E-01 , 9 . 9145£-01,9.9114E-01. 
9.9092E-01,9.9074E-01,9.9062£-01,9 . 9058E-01,9.9056E-01,9.9061E-01 , 9 . 9064E- 01. 
9.9064£-01,9.9076E-01 , 9.9080E-01,9 . 9082E-01,9.9095E-01,9.9100E-01,9.9103£-01, 
9.9121E-01,9.9133E-01,9 .9147E-01,9 . 9154E-01,9.9173E-01,9.9179E-01,9.9189E-01, 
9.9201£-01,9.9205£-01,9 . 9213£- 01,9.9214£-01,9 . 9219E-01,9.9227£-01,9 . 9228£-01, 
9.9232E-01,9.9235E-01,9.9235£-01, 
29. 
4.7469£+01,4.2287£+01,3.8497E+01,3.5536£+01,3.3113£+01,2.9331£+01,2.6478£+01, 
2.4223£+01,2.2383£+01,2 . 0849£+01,1.9541E+01 , 1.8417£+01.1.7431£+01,1 . 5792E+01, 
1.4475E+01,1.3393£+01,1.2483£+01,1 . 0727E+01,9.4573£+00 . 8. 4952£+00.7 . 7377E+00 , 
6.6149£+00,5.8188£+00,5.2238£+00,4.7592E+00,4.3871E+00.4.0804£+00,3.8239£+00, 
3.6050E+00,3 . 2518E+00,2.9786£+00,2.7614£+00,2.5843E+00,2. 2563£+00,2.0309E+00, 
1.8659E+00,1.7402E+00,1 . 5619E+oo,1.4420E+00,1.3568E+00,1. 2938£+oo,1.2458E+OO, 
1.2083E+00,1.1785E+00 , 1.1543£+00,1 . 1177E+00,1.0919E+00,1.0732£+00,1 . 0592E+00, 
1.0375£+00,1.0266E+00 , 1.0203[+OO,1.0166E+00,1.0128E+oo,1.0107E+OO,1.0092£+00, 
1.0080E+00,1.0069E+00,1.0060[+00 , 1.0051E+00,1.0044E+00,1.0030E+00,1.0018£+00 , 
1.0006E+00,9 . 9949E-01 , 9.9713E-01,9.9520E-01,9.9344E- 01,9 . 9199E-01,9.8942£-01, 
9.8728£- 01,9.8551E-01,9 . 8403E-01,9.8284E-01 , 9.8199[-01.9 . 9632E-01,9 . 9533[-01, 
9.9448E-01 , 9.9316£- 01,9.9221£-01,9.9136£-01,9.9088E-01,9.8985E-01,9.8925£-01, 
9.8881E-01,9.8842E-01,9.8800£-01,9.8761E-01.9.8739[-01,9.8723E-01,9.8705[-01~ 

9.8696E-01,9.8683£-01,9.8677E-01,9 . 8665£-01,9.8650E-01,9.8644E-01,9.8637E-01~ 

9 . 8625E-01,9.8623E-01,9.8617£-01 ,9 . 8616£-01 ,9.8613£-01 ,9.8613E-01,9 . 8617£-01
i 

9.8616E-01,9.8611£-01,9 . 8608£-01,9.8609£-01,9.8609£-01,9.8613E-01,9.8612E-01~ 

9.8617£-01,9.8616£-01,9.8616E-01, 
40. 
3.8051£+01,3.4248E+01,3.1592£+01,2 . 9535£+01,2.7865£+01,2.5194E+01,2 . 3109£+01, 
2.1421E+01,2.0002E+01,1.8797£+01,1.7759E+01,1.6846£+01.1 . 6038£+01,1.4671£+01, 
1.3556£+01,1.2625£+01,1.1833E+01,1.0287£+01,9.1485E+OO,8.2744E+00 , 7.5806£+00, 
6.S423£+00~5.7999£+OO,S.2393E+OO,4.8010E+OO,4.4479E+00,4.1562£+00,3.9113£+00, 

3.7017E+oo,3.3624£+00,3.0993£+00,2.8879E+00.2.7144£+OO,2.3897£+00,2.1621£+00, 
1.9929£+00,1.8619£+00,1.6730E+00,1.5442£+00 , 1.4514E+OO,1 . 3824£+00,1.3295E+00, 
1.2880£+00,1.2546E+00,1.2272E+00,1.1852£+00,1.1549E+00,1 . 1321E+00,1.1145E+00, 
1.0849£+00,1.0671E+00,1.0552£+00,1.0468£+00,1.0350E+00,1.0273£+00,1.0212£+00, 
1.0163E+00,1.0121£+00,1.oo87E+00,1.oo57£+00,1.0031E+00.9 . 9877£-01,9 .9521£-01, 
9.9235E-01 , 9.8989£-01,9.8511£-01,9.8163E-01,9.7909£-01.9.7720E-01,9.7439E-01, 
9.7245E-01 , 9.7117E- 01 , 9.7016E-01,9.6938E-01,9.6888£-01,9 . 9593£-01,9 . 9523E-01, 
9 .9461£-01,9.9365£-01,9.9288E-01,9 . 9225E-01,9.9182E-01,9.9081E-01,9.9024£-01, 
9.8979£-01,9.8946£-01,9.8890E-01,9.8856E-01,9.8831£-01,9.8812E-01,9.8798£-01, 
9.8787£-01,9.8781£-01,9.8776£-01,9.8773£-01,9.8768£-01,9.877!£-01,9 . 8762E-01. 
9 . 8771£-01,9.8770£-01,9.8770£-01,9.8770£-01,9.8770£-01,9.8769£-01,9 . 8774£-01, 
9 . 8772£-01 ,9.8775£-01,9.8779£-01 , 9. 8775E-01 ,9.8776[-01 ,9 .8779E-01,9.8780£-01, 
9 . 8781£-01.9.8777£-01,9.8777E-01, 
50. 
3. 1383E+01 ,2.8583E+01.2 . 6717E+01 .2 .5275E+01 ,2.4085£+01 ,2.2146E+01,2 . 0571£+01, 
1.9256£+01,1.8131£+01,1 . 7153£+01,1.6295£+01,1 . 5532£+01,1 . 4852£+01,1 . 3688£+01, 
1.2721E+01.1.1904E+01,1.1206£+01 ,9 .8247£+00,8.7993[+00,8.oo20£+00,7 . 3657E+00, 
6.4069E+00.5.7156£+00,5.1917£+00,4 . 7807£+00,4.4478[+00,4.1720£+00,3 .9396£+00, 
3 . 7411£+00,3.4183E+OO,3 . 1658E+00,2.9630£+00.2.7952E+00,2.4790E+00.2 . 2550£+00, 
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2.0859E+OO,1.9541[+00,1 . 7615£+OO,1.6284£+00.1 . 5314£+00,1.4580[+00,1 . 4013£+00, 
1.3563£+00,1.3196£+00,1 . 2893£+00,1.2419£+00,1.2067[+00 , 1 .1799E+00,1.1588£+00, 
1.1219E+00,1.0985£+00,1 . 0823£+00,1 . 0702£+00,1 . 0529£+00,1.0408£+00,1 . 0315£+00, 
1 . 0240£+00,1 . 0177[+00,1.0125£+00,1.0079£+00,1 . 0040[+00,9 . 9744E-01,9.9224£-01, 
9.8804£-01,9 .8443£-01,9.7757£-01,9 . 7279£-01,9.6919£-01,9 .6654[-01,9.6271£-01, 
9.6010£-01,9.5835£-01 , 9.5712[-01,9.5614E-01,9.5551£-01,9.9691E-01,9 .9603£- 01, 
9 . 9523£-01,9.9405[- 01,9.9321£-01,9.9260E-01,9.9207[-01,9.9123E-01,9 . 9063£-01, 
9.9028£-01,9.8992[-01.9 .8942£-01,9 .8912£-01.9 .8894£-01.9.8874£-01,9 .8864£-01, 
9.8851£-01,9.8842£-01,9.8838£-01,9.8829£-01,9 . 8829£-01,9 .8827£-01,9 .8818£-01, 
9.8822£-01,9 .8818£-01,9.8817£-01,9 .8814£-01,9 .8818£-01,9 .8823£-01,9 . 8825£-01, 
9.8818£-01,9 .8821£-01,9 .8825£-01,9.8822£-01,9 .8826£-01,9 .8624£-01,9.8626£-01, 
9.8624£-01,9.8826£-01,9.8826£-01, 
65. 
2.3837£+01,2 . 1973£+01,2 . 0891£+01 , 2 . 0116£+01,1 . 9471£+01,1 . 8364£+01,1.7393£+01, 
1 . 6517£+01,1 . 5742£+01,1 . 6038£+01,1.4403£+01,1 . 3825£+01,1.3298£+01 , 1 . 2377£+01, 
1 . 1595£+01,1 . 0925£+01,1.0340£+01,9.1684£+00,8.2859£+00,7.5862£+00,7 . 0265£+00, 
6.1714£+00 , 5.6515£+00,5.0117£+00,4 . 7045£+00 , 4.4002£+00,4.1484£+00,3.9361£+00, 
3.7533[+00,3.4563£+00,3.2230[+00,3.0340£+00 , 2.8769£+00,2 . 5785£+00,2.3636£+00, 
2.1998£+00,2.0700£+00,1 . 8776£+00,1.7424£+00 , 1 . 6419£+00,1 . 5644£+00,1 . 5034£+00 , 
1 . 4539£+00,1.4129£+00,1.3784£+00,1.3233£+00,1.2812£+00 , 1.2481£+00,1 . 2214£+00, 
1.1727£+00,1 . 1401£+00,1.1164£+00,1.0982£+00,1.0717£+00,1.0527£+00,1.0382£+00, 
1.0267£+00,1.0171£+00,1.0091£+00,1.0024£+00,9 . 9652£- 01,9.8696£-01,9.7946£-01 , 
9.7334£-01,9 . 6829£-01,9 . 5887£-01,9.5235£-01,9.4765£-01,9 . 4406£-01,9 . 3918£-01, 
9 . 3596£-01,9.3383£-01,9.3232£- 01,9 . 3129[-01 , 9 . 3055£-01,9 . 9723£-01,9 . 9611£-01, 
9.9514£-01,9.9374£-01 ,9.9272£-01,9.9206£-01,9 . 9157£-01,9.9071£-01 , 9.9016£-01, 
9.8982£- 01,9.8949£-01,9.8907£-01,9 . 8879£-01 , 9.8852£-01,9 . 8832£-01 , 9 .8818£-01, 
9.8806£-01,9.8796£-01,9.8788£-01,9 .8782£-01,9.8775£-01,9.8765£-01,9.8762£-01, 
9 .8758£-01,9.8759£-01,9.8752£-01,9.8751£-01,9.8759£-01,9.8758£-01,9.8757£-01, 
9.8755£-01,9 .8761£-01,9.8761£-01,9.8761£-01,9 .8760£-01,9 . 8761£-01,9 .8759£-01, 
9 .8758£-01,9.8756£-01,9.8756£-01, 
74. 
2.0645£+01,1.9112£+01,1.8351£+01,1.7817£+01,1.7377£+01,1.6592£+01,1.6864£+01, 
1.5181£+01,1 . 4549£+01,1.3966£+01,1 . 3430£+01,1.2938£+01 , 1 . 2482£+01,1 . 1675£+01 , 
1 . 0981£+01,1.0380£+01,9.8540£+00,8.7909£+00,7 . 9807£+00,7 . 3388£+00,6.8164£+00, 
6.0208£+00,5 . 4407£+00,4.9964£+00,4 . 6443£+00,4.3580£+00,4 .1199£+00 ,3. 9185£+00, 
3 . 7454£+00 , 3.4636£+00,3 . 2413£+00,3.0609£+00,2.9108£+00,2.6236£+00,2 . 4157£+00, 
2 . 2558£+00,2 . 1288£+00,1.9392£+00,1.8042£+00,1.7028£+00,1 .6241£+00,1.5612£+00, 
1.5097£+00,1 . 4664£+00,1.4297£+00,1.3704£+00,1 .3244£+00,1 . 2876£+00,1.2575£+00, 
1 . 2018£+00,1.1633£+00,1 . 1349£+00,1.1129£+00,1.0802£+00,1.0569£+00,1.0390£+00, 
1.0248£+00.1.0132£+00,1 . 0035£+00,9.9538£-01,9.8827£-01,9 . 7679£-01,9.6781£-01, 
9.6059£-01,9.5470£-01,9.4359£-01,9.3609£-01,9.3064£-01,9.2657£-01,9.2096£-01, 
9.1736£-01,9.1498£-01,9 . 1336£-01.9.1215£-01,9.1140£-01,9.9457£-01,9 . 9322£-01, 
9 . 9211£-01,9.9046£-01,9 .8940£-01,9.8855£-01,9 .8793£-01,9 . 6696£-01,9 .8642£-01. 
9.8600£-01,9.8568£-01,9.8514£-01 , 9.8471£-01,9 .8436£-01,9.8413£-01,9 .8394£-01, 
9.8374£-01,9 .8365£-01,9 .8356£-01 ,9.8338£-01,9.8324£-01,9 .8318£-01,9 .8308£-01, 
9.8299£-01,9.8292£-01,9.8293£-01,9.8289£-01,9.8286£-01,9.8282£-01,9 . 8285£- 01, 
9.8279£-01,9.8278£-01,9.8280£-01,9.8281£-01.9.8281£-01,9.8277£-01,9 .8276£-01, 
9 .8276£-01,9.8274£-01,9.8274£-01, 
79 . 
1 . 9217£+01,1.7864£+01,1.7206£+01,1.6775£+01,1 . 6423£+01,1.5770£+01,1.5137£+01 , 
1.4534£+01,1.3961£+01,1.3428£+01,1.2938£+01,1.2483£+01,1 . 2061£+01,1 . 1307E+01, 
1.0655£+01,1.0090£+01,9.5925£+00,8.5841£+00,7 .8119£+00,7.1992£+00,6 . 6999£+00, 
5.9357£+00,5.3770£+00,4.9484£+00,4.6087£+00,4 .3315E+oo,4 . 1010E+00 ,3.9056£+00, 
3.7383£+00,3 . 4639£+00,3 . 2472£+00,3 .0711£+00,2.9246£+00,2 .6438£+00 , 2 . 4400£+00, 
2.2828£+00,2.1579£+00,1 . 9705£+00,1.8362£+00 , 1.7354£+00 , 1.6563£+00,1 . 5927£+00 , 
1.5403£+00,1.4962£+00,1 . 4583£+00,1.3971£+00,1.3489£+00,1.3104£+00,1.2784£+00, 
1.2166£+00,1.1767£+00,1.1455£+00,1.1210£+00,1.0846£+00,1.0585£+00 , 1 .0386£+00, 
1 . 0229£+00,1 . 0101£+00,9.9943£-01,9 .9044£-01 , 9 .6279£-01,9.7024£-01 ,9. 6040£-01, 
9.5262£-01 , 9.4626£-01 ,9.3436£-01,9.2635£-01 , 9.2061£-01,9.1628£-01,9 . 1044£-01, 
9.0679£-01,9.0434£-01,9 . 0267£-01,9.0155£-01,9.0075£-01,9 .9339£- 01,9 . 9198£-01, 
9.9087£-01,9.8913£-01,9 .8804£-01,9 .8714£-01,9 . 8653£-01 , 9 . 8561£-01,9 .8502£-01, 
9 . 6456£-01,9.8425£-01,9 .8370£-01.9 .8325£-01,9 .8291£-01 , 9 .8266£-01,9 .8245£-01 , 
9 .8222£- 01,9 .8207£-01,9 .8200£-01,9.8181£-01,9.8171£-01,9 .8161£-01,9.8152£-01, 
9 .8140£-01,9.8130£-01,9 .8133£-01,9.8124£-01,9 . 8124£-01,9.8121£-01,9 .8119£-01, 
9.8120£-01,9 . 8114£-01,9.8116£-01,9.8118£-01,9 .8110£-01,9.8114£-01,9.8101£-01, 
9 .8108£-01,9 . 8107£-01,9.8107£-01, 
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92. 
1 .6304E+01,1.5422£+01,1.5012E+01,1.4744£+01,1.4513E+01,1 . 4055£+01,1.3572£+01, 
1.3095E+01,1.2632£+01,1 .2196£+01,1.1791E+01,1.1409E+01,1.1052E+01,1.0412£+01, 
9.8551£+00,9.3655£+00,8 .9379E+00,8.0571£+00,7.3787[+00,6.8390£+00,6.3950E+00, 
5.7126E+00 , 5.2098E+00,4 . 8214E+00,4.5120£+oo,4.2579£+00.4.0451£+00,3 .8648£+00, 
3.7087£+00,3.4525E+00,3.2497E+OO,3.0845£+00,2.9462£+OO,2.6805E+00,2.4879E+00, 
2.3394£+00,2.2209E+00,2.0426E+00,1.9137£+00,1 . 8153£+00,1.7370£+00,1.6730£+00, 
1.6191E+OO,1.5732E+00,1.5333E+00,1.4673£+00,1.4143£+00,1.3706£+00,1.3338£+00, 
1.2627£+00,1.2109E+00,1.1714E+00,1.1399£+00,1.0929£+00,1 .0594£+00.1 .0339£+00. 
1.0142£+00,9 . 9839£-01,9.8538£-01,9 . 7457£-01 ,9.6534£-01.9 .5059£-01,9.3932£-01, 
9.3041£-01,9.2322£-01,9 .1012£-01,9 .0151£-01,8.9532£-01 ,8. 9077£-01,8.8454£-01 , 
8.8057£-0I,8.7794£-01,8.1606E-Ol,8.7471£-0I,8.7392£-01,9.9196£-01,9 . 9025£-01, 
9.8884£-01,9.8678£-01,9 . 8539£-01,9.8442£-01,9.8379£-01,9.8274£-01,9.8216£-01, 
9.8187£-0I,9.8169£-0I,9.8136E-Ol,9.8115£-0I,9 . 8104£-01,9.8082£-01,9.8074£-01, 
9.8067£-01,9.8061£-01,9.8053£-01,9.8035£-01,9.8025£-01,9.8023£-01,9.6013£-01, 
9.8004£-01,9.7993£-01,9.7995£-01,9.7998£-01,9.6004£-01,9 . 6006£-01,9.8001£-01, 
9.8004£-01,9.7999£-01,9.7996£-01,9.7992£-01,9.7993£-01,9.7984£-01,9.7971£-01, 
9.7958£-0I,9.1950£-0I ,9.7950E-Ol. 
100. 
1 . 4735£+01,1 . 4059£+01,1.3189£+01,1 . 3619£+01,1.3448£+01,1 .3093£+01,1 . 2693£+01, 
1.2282£+01,1.1879£+01,1.1468£+01,1.1124£+01,1 . 0785£+01,1.0461£+01,9.8885£+00, 
9.3826£+00,8.9384£+00,8.5461£+00,7.7407£+00,7.1175£+00,6 .6190£+00,6.2093£+00, 
5 . 5159£+00,5.1062£+00,4.7424£+00,4.4504£+00,4.2110£+00,4.0090£+00,3.8372£+00, 
3 . 6685£+00,3.4430£+00,3.2483£+00,3.0891£+00,2.9558£+00,2.6999£+00,2.5142£+00, 
2.3718£+00,2 . 2578£+00,2 . 0860£+00 , 1 . 9607£+00,1 . 8642£+00.1 . 7868£+00,1 . 7227£+00, 
1.6685£+00,1 . 6216£+00,1.5807£+00,1.5116£+00,1 . 4558£+00,1 . 4090£+00,1 . 3692£+00, 
1 .2908£+00,1 . 2328£+00 , 1.1876£+00,1.1515£+00,1.0971£+00,1.0581£+00,1.0287£+00, 
1.0059£+00,9 . 8773£-01,9.7281£-01,9 . 6044£-01,9.4991£-01,9 .3321£-01,9.2051£-01, 
9 . 1051£-01,9.0261£-01,8.8840£-01,8.7923£-01,8.7298£-01 ,8. 6842£-01,8.6268£-01, 
8 . 5938£-01,8 .5736£-01,8.5621£-01,8.6542£-01,8 .5511£-01,9 . 8872£-01,9.8732£-01, 
9.8621£-01,9.8468£-01,9.8364£-01,9 . 8296£-01,9.8245£-01,9 . 8164£-01,9.8114£-01, 
9.8075£-01,9.8044£-01,9 . 7988£-01,9.7939£-01,9.7898£-01,9.7871£-01,9.7839£-01, 
9.7826£-01,9.7816£-01,9 .7805£-01,9.7793£-01,9.7781£-01,9.7772£-01,9.7774£-01, 
9 .7771£-01 ,9.7765£-01 ,9. 7761E-Ol,9.7760£-0I,9 .7755£-0I,9 .77 52£-01 , 9.7754£-01, 
9.7753£-0I,9.7757E-Ol,9.7754E-01 1 9.7759E-Ol,9.7753£-01,9.1752E-Ol,9.1756£-01, 
9.7750E-Ol,9.7742E-01,9.7742E-Ol, 
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